Background. Bacterial endocarditis is associated with poor long-term survival among dialysis patients. Renal transplant patients and those waiting list for renal transplantation are predisposed to developing bacterial endocarditis; data regarding incidence and outcomes are limited. Methods. Patients hospitalised for bacterial endocarditis were identified from patients transplanted or waiting list between 1995 and 2003. Transplant and waiting list cohorts were derived from the United States Renal Data System (USRDS) database. All patients had Medicare as primary payer. Long-term survival was estimated by the Kaplan-Meier method. Cox proportional hazards analysis was used to identify independent predictors of bacterial endocarditis. Results. During the study period, 282 renal transplant patients and 549 waiting list patients were hospitalised with bacterial endocarditis. Incidence rates of bacterial endocarditis per 1000 patient-years were 5.6 among waiting list patients, 2.6 among deceased-donor transplant recipients and 1.8 among living-donor transplant recipients. Inhospital mortality rates were 16.0% for the renal transplant cohort and 18.6% for the waiting list cohort. Two-year post-endocarditis survival rates were 58% for transplant patients and 41% for waiting list patients. The most powerful predictors of bacterial endocarditis among transplant patients were donor age, patient age, diabetic end-stage renal disease (ESRD) and prior dialysis time longer than 2 years. Conclusions. Renal transplant patients hospitalised with bacterial endocarditis sustain high in-hospital and longterm mortality rates. Waiting list patients are at higher risk of developing bacterial endocarditis than renal transplant recipients.
Introduction
The end-stage renal disease (ESRD) population continues to increase rapidly in the United States. In 2004, about 335 963 patients were receiving long-term dialysis and 104 364 patients were newly diagnosed with ESRD [1] . The prevalence of transplant patients in the United States increased from 108 517 in 2000 to 136 136 in 2004 [1] . The number of patients on the kidney transplant waiting list has consequently grown, with >5000 additional patients listed annually since 2003 [2] .
Waiting list patients continue to experience high mortality rates and long waiting periods. In 2005, of ∼82 582 patients waiting list for renal transplantation, 4156 died (an unadjusted mortality rate of 70.2 per 1000 patient-years at risk) [2] . In contrast, survival of transplanted patients has consistently improved. For patients who received transplants between 2001 and 2004, unadjusted survival rates at 3 years were 88.1% for deceased-donor recipients and 94.5% for living-donor recipients [2] .
Bacterial endocarditis is associated with poor survival among dialysis patients, with an in-hospital mortality rate of 24% and a 2-year survival rate of 25% [3] . A large majority of waiting list patients undergo dialysis and are likely at higher risk for developing endocarditis than the general population. Transplant recipients are predisposed to infections secondary to immunosuppression. The purpose of this study was to determine the incidence and survival of renal transplant and waiting list patients with bacterial endocarditis in the contemporary era. Using the United States Renal Data System (USRDS) database, we examined outcomes for 282 renal transplant and 549 waiting list patients hospitalised with bacterial endocarditis over a 9-year period.
Subjects and methods
All data were derived from the USRDS database. The accuracy of these data has been validated previously [4] . The transplant cohort included first-time, kidneyonly recipients transplanted between 1 January 1995, and 31 December 2003, and followed for up to 3 years. As some people receive transplants without first being waiting list, not all patients in the cohort were previously waiting list. The waiting list cohort included patients first listed on a transplant waitlist during the same time period, and followed until transplantation, death, or 31 December 2003. The contribution to the waitlist analysis of those who subsequently received transplants was censored at the time of transplantation. Both cohorts are limited to patients with Medicare as primary payer. We identified an index hospitalisation for bacterial endocarditis (i.e. the first hospitalisation identified in the analysis) by searching Medicare claims for International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 421.0 occurring during the follow-up period. We identified infectious organisms by searching Medicare claims for ICD-9-CM codes 038.xx and 041.xx occurring during the same hospitalisation as the bacterial endocarditis claim.
Baseline data included age, sex, race, etiology of ESRD and time on dialysis. In-hospital mortality was determined in the cohort of patients hospitalised for bacterial endocarditis after receiving a transplant or being waiting list for renal transplantation. Time to bacterial endocarditis was calculated from the date of transplant (transplant cohort) or listing date (waitlist cohort) to the date of the first bacterial endocarditis claim or censor date. Post-endocarditis survival time was calculated from the date of hospital admission for bacterial endocarditis to death or censor date. Differences in baseline characteristics were assessed using chi-square tests. The cumulative incidence of bacterial endocarditis was determined and unadjusted survival was estimated by the Kaplan-Meier method [5] . A Cox proportional hazards model and hazard ratios were used to identify independent predictors of bacterial endocarditis [6] . The adjusted hazard ratios for developing bacterial endocarditis were estimated by a time-dependent Cox proportional hazards model adjusted for age, sex, race, etiology of ESRD and dialysis time. All statistical analyses were performed using SAS for Windows, version 9 (SAS Institute Inc., Cary, NC, USA).
Results
In the 9-year period between 1 January 1995 and 31 December 2003, 47 899 renal transplantation patients and 62 520 waiting list patients were identified from the USRDS database. An index hospitalisation with bacterial endocarditis was identified for 282 renal transplant patients and 549 waiting list patients. The median follow-up period was 35.2 months for transplant patients and 12.8 months for waiting list patients.
Baseline characteristics of the renal transplant patients are listed in Table 1 . Compared with transplant patients not hospitalised with bacterial endocarditis, those hospitalised with bacterial endocarditis were more likely to be between the ages of 45 and 64 years at the time of transplantation and black, and to have diabetic ESRD. Among hospitalised patients, 57% had been on dialysis for >3 years before transplantation, compared with 46% of patients not hospitalised with bacterial endocarditis. The unadjusted incidence of bacterial endocarditis was 5.6 per 1000 patient-years among waiting list patients, 2.6 per 1000 patient-years among deceased-donor renal transplant recipients and 1.8 per 1000 patient-years among living-donor renal transplants recipients ( Table 2) . As illustrated in Figure 1 , incidence of bacterial endocarditis was lowest among living-donor recipients and second lowest among deceased-donor recipients. Incidence was highest among the waiting list patients, and continued to increase with longer time on the list. The in-hospital mortality rate was 16.0% for the renal transplant cohort and 18.6% for the waiting list cohort (Table 2) .
Post-endocarditis survival rates at 2 years were 58% for the transplant cohort and 41% for the waiting list cohort (Figure 2 ). Survival rates in the two groups were significantly different (P < 0.0001 by the log-rank test).
The Cox proportional hazards analysis was used to identify independent predictors of endocarditis in the renal transplant cohort (Table 3 ). The most powerful predictors of bacterial endocarditis were donor age, patient age, diabetic ESRD and prior dialysis time. The unadjusted survival of waiting list patients and renal transplant recipients was significantly different; however, in a Cox model used to examine predictors of mortality in patients with endocarditis, none of the variables was independently associated with all-cause death (data not shown).
There were differences in the distribution of infectious organisms among transplant and waitlist patients. For trans- 
Discussion
Solid organ transplant recipients have been found to have about a 170-fold risk of endocarditis compared with the general population [7] . In small clinical studies, the overall mortality from endocarditis among transplant recipients has been reported to be in the range of 44-57% [7] [8] [9] . Limited data are available regarding the long-term survival of renal transplant recipients with bacterial endocarditis in the contemporary era. To the best of our knowledge, there are no published long-term survival data regarding waiting list patients with bacterial endocarditis. This study highlights the poor survival rates of renal transplant patients with bacterial endocarditis. Our findings complement those of Abbott et al., who reported a 2-year mortality of 44.2% among renal transplant recipients with bacterial endocarditis versus 8.2% among transplant recipients without bacterial endocarditis between 1994 and 1997 [10] . The 2-year post-endocarditis survival of patients transplanted between 1995 and 2003 was ∼58%, relatively unchanged since the findings reported by Abbott et al. Despite advances in the medical field, dialysis patient survival after hospitalisation for bacterial endocarditis has changed little over more than a decade [3] .
In-hospital mortality rates for the waiting list cohort were higher than those for the transplant cohort (18.6% versus 16.0%, respectively) [3] . Chu et al. previously identified early independent predictors of in-hospital mortality with bacterial endocarditis in the general population, namely diabetes mellitus, Staphylococcus aureus as causative organism, APACHE (acute physiology, age and chronic health evaluation) II score and embolic events [11] . Interestingly, although the in-hospital mortality rate for dialysis patients with bacterial endocarditis is significantly higher at ∼23.5% [3] , in-hospital mortality for transplant patients is similar to that described for the general population [11, 12] .
Transplant patients are predisposed to infections secondary to immunosuppression. In the view of some, higher immunosuppressive therapy, especially during episodes of acute rejection, is more likely to enhance the risk of septicaemia [7] . However, little information is currently available regarding specific risk factors or modes of infection leading to endocarditis in the transplant population. Interestingly, Paterson et al. found a lesser incidence of endocarditis in the early post-transplantation period among renal transplant recipients compared with liver and heart transplant recipients, leading to the postulation that renal transplant recipients may receive lesser cumulative doses of immunosuppression therapy because dialysis is an available option to cope with graft rejection [8] .
We found that the duration of dialysis before transplantation was an independent predictor of bacterial endocarditis and that patients who received preemptive renal transplantation had the lowest chance of developing endocarditis. Dialysis vintage was also identified as an independent risk factor for endocarditis in the study by Abbott et al. [10] . Factors predisposing dialysis patients to death from endocarditis after transplantation, or to infection while on the transplant waitlist, could not be elucidated from the current study. Type of vascular access (e.g. catheter) is likely an independent predictor of risk of infection and endocarditis, but our data lack vascular access information. (We found no difference in endocarditis risk for haemodialysis compared to peritoneal dialysis patients, but the number of peritoneal dialysis patients is small, making the comparison difficult.) One can nevertheless postulate that previous bacteraemia during dialysis, indolent infection at the site of vascular access, or harbouring of particular bacteria such as Staphylococcus aureus might predispose to subsequent infection during periods of intense immunosuppression [13, 14] . We found a suggestive difference in the bacteriology of transplant and waiting list patients. Of waiting list patients, 47% apparently had Staphylococcal species and 13% had Streptococcal species identified as infectious organisms, compared to 29% of transplant patients with Staphylococcal species and 33% with Streptococcal species. These patterns may reflect the heightened risk of dialysis patients to bacteraemia from skin flora (as would be expected with a greater preponderance of Staphylococcal infections).
Older age (both donor and recipient) and diabetic ESRD were independent predictors of bacterial endocarditis in our study, presumably related to weaker immune constitution and resultant predisposition to systemic infection. Compared with the general population, valvular disease has not been conclusively linked as an independent predictor of endocarditis in transplant patients. Although Abbott et al. found that previous hospitalisation for valvular heart disease was a strong independent risk factor for endocarditis in transplant recipients (odds ratio 25.81, confidence interval 11.28-59.07) [10] , other investigators have not found a significant association between valvular disease and endocarditis and have concluded that previous valvular disease is not as relevant in the context of an immunocompromised host [7] . The present analysis did not address this issue. The phenomenon of self-selection has also been implicated, suggesting that patients with severe valvular disease might not be considered candidates for transplantation [8] .
Patients waiting list for transplantation had about twice the incidence of bacterial endocarditis in this study compared with transplant patients (5.57 versus 2.72 per 1000 patient-years). As illustrated in Figure 1 , the incidence of bacterial endocarditis in waiting list patients continues to increase whereas the incidence in transplant patients tends to plateau with time. Moreover, the long-term mortality of waiting list patients with bacterial endocarditis was much higher than that of the transplant population. Thus, waiting list patients have a survival rate between patients on chronic dialysis (lowest survival rates) and renal transplant recipients (highest survival rates). This finding may be explained by the fact that within the ESRD population healthier patients are waiting list for transplantation and long-term survival is better among waiting list patients who eventually undergo transplantation, as described by Wolfe et al. [15] . Also, not all waiting list patients receive dialysis before transplantation, and thus might be at lower risk of subsequent development of endocarditis.
The limitations of this study should be noted. The USRDS database includes little clinical data. The data pertaining to type of bacterial pathogen are derived from claims data, and no information related to specific pathogens was available for a third of the patients. Although endocarditis is most commonly of bacterial origin in transplant patients, various organisms including fungi (especially Aspergillus) can be responsible for endocarditis in immunosuppressed individuals, particularly in the early post-transplant period [7] [8] [9] . Thus, the overall incidence of endocarditis is likely underestimated in this study, as non-bacterial causes of endocarditis were not considered. Likewise, because fungal endocarditis often carries a much poorer prognosis the postendocarditis mortality is also likely underestimated in this study. Finally, this study included only patients with Medicare as primary payer; hence, the entire renal transplant and waiting list populations were not evaluated.
In conclusion, renal transplant patients hospitalised with bacterial endocarditis sustain high in-hospital and longterm mortality rates. Waiting list patients are at higher risk of developing bacterial endocarditis compared with renal transplant recipients. Additional measures are necessary to reduce bacteraemia and implement risk reduction strategies to prevent bacterial endocarditis and the attendant morbidity and mortality in these vulnerable patients.
